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Abstract  
The purpose of this study was to compare the acute effects of 
three different stretching protocols on balance, agility, reaction 
time and movement time of the upper limbs. Participants were 
thirty one female high school athletes (age = 17.3 ± 0.5 yr.). All 
participants performed one of the following protocols on differ-
ent days: (a) 3 min jogging followed by 7 min static stretching 
(SS), (b) 3 min jogging followed by 7 min dynamic stretching 
(DS), and (c) 3 min jogging followed by 7 min of rest (NS). 
After the protocols participants performed the following tests: 
dynamic balance, 505 agility test, reaction time (time between a 
sound stimulus and release of a button) and movement time 
(movement of the upper extremity over a 0.5 m distance). The 
order of stretching protocols and performance tests were coun-
terbalanced to avoid carryover effects. Repeated measures anal-
ysis of variance revealed significant main effects for all vari-
ables except reaction time. The DS protocol compared to SS 
performed significantly better in balance, agility and movement 
time. Additionally, the DS protocol compared to NS performed 
significantly better in agility. According to the results of the 
study, a DS protocol is more appropriate than SS for activities 
that require balance, rapid change of running direction (agility) 
and movement time of the upper extremities. 
 
Key words: Warm-up exercise, muscle stretching exercises, 
sports performance, adolescents. 
 

 

 
Introduction 
 
High school athletes often begin their exercise with a 
warm-up protocol, which typically consists of jogging one 
or two laps around the gym followed by a series of static 
stretches (Walter et al., 2011). It is widely believed that 
pre-exercise static stretching (SS) reduces the risk of 
injury and enhances performance (Woods et al., 2007). 
However, recent studies reported that pre-exercise SS 
decreases maximal force production (Leone et al., 2012), 
jump height (Perrier et al., 2011) and speed (Little and 
Williams, 2006).  

The negative effects of SS are attributed to me-
chanical factors (e.g. changes in muscle stiffness) and 
neuromuscular factors such as decreased motor unit acti-
vation and altered reflex sensitivity (Avela et al., 2004; 
Cramer et al., 2005). However, the literature is not 
unanimous in reporting stretch-induced performance 
impairments. Recently, a number of studies suggest that 
SS has no significant effect (Dalrymple et al., 2010; 
Handrakis et al., 2010) or can improve performance 
(Costa et al., 2009). The divergent findings are attributed 

to various factors such as subject’s training status (Costa 
et al., 2009), age (Handrakis et al., 2010), gender, the 
stretch duration and intensity of the protocol (Behm and 
Chaouachi, 2011). 

The controversy regarding the potential perform-
ance impairments of SS, raised the interest for dynamic 
stretching (DS). DS involves controlled movement 
through the active range of motion (ROM) for a joint, and 
incorporates callisthenics movements (e.g. lunging) and 
running drills that include forward, lateral, and change-of-
direction movements (Behm and Chaouachi, 2011). Stud-
ies regarding DS reported positive effects on power 
(Manoel et al., 2008), sprint (Fletcher and Anness, 2007), 
and jump performance (Perrier et al., 2011). However, 
these studies have mainly examined the effects of stretch-
ing on maximal strength and power performance (squats, 
bench press, speed, jump etc.). To the authors’ knowl-
edge, there is no research investigating the acute effects of 
DS on balance. Maintaining balance requires fast and 
accurate movements of upper and lower extremities (arm-
leg coordination). Stretch-induced changes to muscle-
tendon unit (MTU) length and stiffness would be ex-
pected to affect the ability to react effectively to stability 
challenges (Behm et al., 2004).  

Currently, limited studies have investigated only 
the acute effect of SS on balance (Costa et al., 2009). 
Behm et al. (2004) and Nagano et al. (2006) reported that 
balance control was impaired after SS. On the contrary, 
Costa et al. (2009) reported that SS produced a significant 
improvement in balance compared to the NS condition. 
The few studies regarding the effect of SS on balance and 
the absence of studies evaluating the effect of DS on 
balance was one of the reasons for conducting this study.  

Apart from balance, a more compliant MTU due to 
SS could alter reaction time (RT) and movement time 
(MT) (Behm et al., 2004). However, only a limited num-
ber of studies have investigated this issue. Specifically, 
Behm et al. (2004) reported impairment in RT and MT 
after SS, whereas Alpkaya and Koceja (2007) and Perrier 
et al. (2011) showed no significant effect of SS on RT. 
The controversial findings and the limited number of 
studies indicate the importance of additional research on 
the effects of stretching on RT and MT. Furthermore, the 
above mentioned studies have examined the effects of 
stretching on RT of the lower limbs. To the authors’ 
knowledge, no study has compared the effects of DS and 
SS on RT and MT of the upper limbs. In many sports 
upper limb RT and MT play an important role for a 
successful outcome (e.g. basketball, volleyball etc.). 
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Moreover, RT, MT and agility are often practiced 
in the same physical education lesson or training unit 
(Darst and Pangrazi, 2009). Van Gelder and Bartz (2011) 
reported that a DS protocol for the lower limbs compared 
to SS improves significantly agility performance. Similar 
results reported Little and Williams (2006) and McMillian 
et al. (2006). Conversely, Chaouachi et al. (2010) reported 
no significant differences between DS and SS regarding 
agility performance. Generally, agility is defined as a 
rapid whole-body movement with change of running 
direction in response to a stimulus (Van Gelder and Bartz, 
2011). The movements of the upper and lower limbs are 
crucial in order for someone to change the running 
direction rapidly without the loss of balance (Allum et al., 
2002). However, none of the conducted studies included a 
stretching protocol for upper and lower limbs. Further-
more, a stretching protocol of a regular physical education 
lesson or training unit comprises exercises for the whole-
body and not just for the lower-body musculature 
(National Association for Sport and Physical Education, 
2011). 

In addition, the literature has focused mainly on the 
effects of stretching on male subjects (Behm et al., 2011; 
Handrakis et al., 2010). Only Costa et al. (2009) investi-
gated the effect of SS on balance in adult women. How-
ever, the effects of stretching on adolescent females’ 
balance, RT and MT have not been examined. Therefore, 
the purpose of the present study was to compare the acute 
effects of a whole-body SS and DS protocol on balance, 
agility, RT and MT of the upper limbs in adolescent 
female athletes. Since SS results in a longer and more 
compliant MTU (Cramer et al., 2005), it was hypothe-
sized that SS would deteriorate balance, agility, RT and 
MT. In contrast, DS enhances motor unit excitability and 
kinaesthetic awareness (Jaggers et al., 2008) and therefore 
it was hypothesized that DS would improve the above 
mentioned parameters.  
 
Methods   
 
Participants 
Thirty one female high school athletes volunteered to take 
part in the study (age = 17.3 ± 0.5 yr, body mass = 55.9 ± 
5.4 kg, height = 1.66 ± 0.05 m). The students participated 
in state-mandated physical education program (twice per 
week for 45 min) and in after-school sport activities, at 
least 3 times per week (minimum of 1 hour). Eleven par-
ticipants were basketball players, 8 volleyball, 8 handball 
and 4 track and field athletes (sprint and long jump). No 
athlete withdrew because of injury or any other adverse 
experiences. The procedures used in this study were con-
ducted in accordance to the ethical guidelines of the Aris-
totle University of Thessaloniki, Greece and informed 
consent was obtained from both the students and their 
parents.  

 
Experimental set-up 
Prior to data collection, the participants attended 3 physi-
cal education lessons, in which they were familiarized 
with the stretching procedures. During these orientation 
sessions they also practiced the tests for balance, agility, 

RT and MT. All study procedures took place in the gym-
nasium between 10:00-14:00 hours. After the familiariza-
tion period, the participants performed the following 
protocols counterbalanced, in three different days: (a) 3 
min jogging followed by 7 min SS, (b) 3 min jogging 
followed by 7 min DS, and (c) 3 min jogging without 
stretching, followed by 7 min of rest (NS). The 3 proto-
cols were administered 2 to 4 days apart. After complet-
ing one of the stretching protocols, participants proceeded 
to the performance testing stations. Similar experimental 
set-up has been used by Faigenbaum et al. (2006) and 
Perrier et al. (2011). 

 
Stretching protocols 
All protocols started with 3 min jogging at a self-selected 
moderate intensity, with comfortable pace (distance: 400 
m approximately). Jogging intensity was monitored and 
adjusted for each participant by a physical education 
teacher using the talk-test, which determines the exercise 
intensity based on the ability of a person to carry on a 
conversation during exercise (Foster et al., 2008). Accord-
ing to the talk-test, if a participant can talk during the 
exercise, then the intensity of the exercise is moderate 
(Foster et al., 2008). When a participant can no longer 
speak comfortably, then the intensity of an activity is 
vigorous. After 3 min jogging participants performed for 
7 min SS or DS session, whereas the ones belonging to 
the NS sat quietly for 7 min. 

SS protocol: The participants performed a stretch-
ing routine used commonly by physical education teach-
ers (Faigenbaum et al., 2006). Each stretch was held for 
30 sec at a point of mild discomfort and all stretches were 
performed for both sides (Table 1). 
 
Table 1. SS protocol 
Front deltoid and pectoral stretch. From a 
standing position subjects positioned the arm 
horizontally abducted with the palm flat 
against a wall. To begin the stretch, they 
turned their body away from the arm on the 
wall, and kept a slight bend in their elbow 
throughout the stretch. 

 

Side deltoid stretch. From a standing position 
subjects held the left arm horizontally across 
the chest, grasped the elbow with the right 
hand and pushed it toward chest. 

 

Triceps and side-bend stretch. From a stand-
ing position, subjects brought the right arm 
overhead with the elbow bent. Then with 
their left hand they grasped the right elbow 
and gently pulled as they bent slightly toward 
the left side. 

 

Adductor stretch. Subjects stood with their 
feet as wide apart as is comfortable. Relying 
with their hands on the floor they flexed the 
left knee keeping the right leg straight.   

Modified hurdlers stretch. From a seated 
position subjects extended their left leg 
straight and placed the right leg on the inside 
of the straight leg. Then they bent forward 
with the back flat.  
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Quadriceps wall stretch. From a standing 
position near a wall for support, subjects bent 
one knee and brought heel towards buttocks, 
holding the foot with one hand. 

 

Calf stretch. From a standing position facing 
a wall, subjects placed their hands on the 
wall at chest level. They put the left foot 
slightly behind them, keeping heel on the 
floor. Then they leaned forward bending 
slightly the right knee and keeping the left 
leg straight with the heel on the floor.  

 

 
DS protocol: The DS protocol included exercises 

that stretch the same muscle groups as in the SS protocol 
and was based on the protocol used by Faigenbaum et al. 
(2006) (Table 2). The exercises were performed from the 
one side-line to the opposite side-line and back of a vol-
leyball court (total distance of 18 m), with 10 sec intervals 
in between. 
 
Table 2. DS protocol 
Side/front arm crossover. Subjects swung 
both arms out to their sides and then crossed 
them in front of their chest, while moving 
forward. 

 

Walking lunge with rotation. Subjects took a 
big step forward and at the same time ro-
tated their arms horizontally. 
 

 

Triceps and side-bend stretch. Subjects 
brought the right arm overhead with the 
elbow bent and bent slightly toward the left 
side. 
 

 

Lateral shuffle. Subjects moved laterally 
without crossing feet. 
 

 

Frankenstein walks. Subjects are walking 
with both hands extended in front of the 
body, palms down. They kick with the 
extended leg towards hands.  
  

Heel-ups. Subjects kicked heels towards 
buttocks while moving forward.  

 
 

 
 

Inch worms (hand walk). Starting position 
push-ups. Keeping legs extended they walk 
towards hands, and then they walk hands 
forward while keeping limbs extended (6 
repetitions). 
 

 

Modified shuttle run. Subjects run to the 
opposite line at a moderate pace (50% 
maximum speed), bend to touch the line, 
and return back gradually accelerating 
(75%) and touch the starting line. After 
touching the starting line, they run to the 
opposite line accelerating to near maximum 
speed (90%), touch the line and return back 
to the starting line walking.  

 

 

Performance testing 
Balance was assessed on a stability platform (Lafayette 
Instrument, 1620), which consists of a swinging platform 
(65X105 cm) on the medial axis (Figure 1). When the 
platform deviated more than 10 degrees from the horizon-
tal plane, it was considered as loss of balance. The time 
started counting as soon the subject was able to stay 
within the 10 degree boundary. The outcome variable was 
the total time that the subject could remain within 30 sec. 
Subjects completed one practice attempt and two trials on 
the day of testing with a 1 min break between trials 
(Cronbach’s Alpha ICC a = 0.88).  
 

 

 
 
 

                        Figure 1. Balance test. 
 

RT and MT were measured using a reaction timer 
apparatus (Lafayette Instruments Co., model 63017). The 
apparatus comprises of a control device and two switches 
(start and stop button, placed 50 cm sidewise). The par-
ticipant was pressing the start button with her dominant 
index finger from a standing position. A standby visual 
signal (LED lighting) was shown, and after an auditory 
stimulus at a random period of 2–4 sec the participant 
released the start button and moved her finger to touch the 
stop button. The time between the sound stimulus and 
release of the start button defined the RT, whereas the 
time between the initiation of movement and pressing the 
stop button defined the MT. Participants completed one 
practice attempt and three trials on the day of testing with 
30 sec rest periods (Cronbach’s Alpha ICC RT: a = 0.79; 
MT: a = 0.80).  
 

 

 
 
 

         Figure 2. The 505 agility test. 
 

The 505 agility test was selected because of its 
high correlation to acceleration, which is widely consid-
ered as an important component of agility (Sheppard & 
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Young, 2006). In order to conduct the 505 agility test 
cones were placed at 0 m, 5 m and 15 m (Figure 2). Elec-
tronic timer was positioned at the 5 m cone (photocells 
and reflectors Tag Heuer, Marin, Switzerland). Subjects 
sprinted from the 15 m cone and timing began as they 
passed the 5 m cone. When subjects reached the 0 m cone 
they made an 180o turn and sprinted back towards the 5 m 
cone, at which point the timer was stopped. Participants 
completed one practice attempt and two trials with 2 min-
utes’ rest between each trial (Cronbach’s Alpha ICC: a= 
0.82).  

In all tests the best score was used for data analy-
sis.  

 
Statistical analyses 
Sample size was determined using G*Power (version 
3.1.7, F. Faul, University Kiel, Germany) setting effect 
size at 0.27, based on previously reported data (McMillian 
et al., 2006) , alpha at 0.05, and power at 0.80. In order to 
investigate differences between the three protocols, data 
were analysed using one-way Analysis of Variance 
(ANOVA) for repeated measures. Post hoc analyses were 
conducted using Bonferroni pairwise comparisons. All 
statistical analyses were conducted using SPSS (version 
20) and significance was set at p ≤ 0.05.  
 
Results 
 
Descriptive statistics of the dependent variables are pre-
sented in Table 3. 
 
Table 3. Balance, agility RT and MT values of the three 
protocols. Values are mean (± SD). 
 Static Dynamic No stretching 
Balance (sec) 15.34 (5.54)* 17.49 (5.11) 16.97 (5.16) 
Agility (sec) 3.11 (.21) 3.00 (.20)* 3.08 (.18) 
RT (ms) .187 (.036) .186 (.035) .187 (.032) 
MT (ms) .419 (.055) .394 (.053)† .404 (.051) 

*Significant difference from the other two protocols (p<.05). 
†Significant difference from static protocol (p<.05). 
 

Balance: Repeated measures ANOVA indicated a 
significant difference between the protocols (F = 5.03, p < 
0.01, partial eta squared ηp

2 = 0.14, observed power = 
0.79). Bonferroni test revealed that DS (p = 0.01, Cohen’s 
d = 0.40: small) and NS (p = 0.04, Cohen’s d=.30: small) 
were significantly better compared to the SS protocol. 

RT: There were no significant differences between 
the three protocols (p = 0.997). 

MT: Repeated measures ANOVA showed a sig-
nificant difference between the protocols (F = 4.10, p = 
0.02, ηp

2 = 0.12, observed power = 0.70). Bonferroni test 
indicated that the DS protocol was significantly better 
than SS (p = 0.04, Cohen’s d=.46: medium). 

Agility: Repeated measures ANOVA revealed a 
significant difference between the protocols (F = 5.73, p < 
0.01, ηp

2 = 0.16, observed power = 0.84). Bonferroni test 
indicated that the DS protocol was significantly better 
than NS (p = 0.01, Cohen’s d=.41) and SS protocol (p = 
0.03, Cohen’s d=.50: medium). 
 
Discussion 

The current study demonstrated that SS produced signifi-
cant performance deterioration in balance, agility and MT 
compared to DS condition. Furthermore, DS performed 
better in agility compared to the NS condition.  

Regarding balance, according to the results of the 
study, DS and NS performed significantly better than SS. 
The findings of the present study are not consistent with 
those of Costa et al. (2009) and Handrakis et al. (2010), 
who compared the effects of SS with NS protocol. Costa 
et al. (2009) reported that a 3X15 sec SS protocol im-
proved balance performance compared to the NS condi-
tion. On the contrary, our finding that SS has a negative 
effect on balance performance is consistent with those of 
Behm et al. (2004) and Nagano et al. (2006). Specifically, 
Behm et al. (2004) reported negative effects on balance, 
after 3 sets of SS with 45 sec duration. Similar negative 
effect on balance performance reported Nagano et al. 
(2006), after a single 3 min SS of the calf muscle. The 
differences in outcomes could be due to (a) different 
stretching durations applied in the studies and (b) the 
different testing devices. For example, Costa et al. (2009) 
measured balance using a circular platform which could 
tilt 20° from horizontal in all directions and as an outcome 
measure they used the average tilt in degrees from the 
centre of the platform. On the contrary, Behm et al. 
(2004) applied a wobble board placed on a metal plate, 
and the outcome parameters were the contacts’ duration 
and frequency of the board perimeter with the metal plate 
during a 30 sec test.  

Another possible explanation for the divergent 
findings of the studies could be the different age of the 
subjects. Handrakis et al. (2010) reported that a SS proto-
col improved balance performance of middle-aged adults 
(40–60 yr). The enhancement of balance was attributed to 
the differences of muscle stiffness and viscoelastic prop-
erties of the middle-aged adults compared to the univer-
sity age subjects of Behm et al. (2004), who reported SS 
induced impairments. According to Kubo et al. (2001) the 
tendon structures in adolescents are more compliant than 
those in adults. Therefore, adolescents perhaps respond 
differently from adults to stretching because of differ-
ences in the viscoelastic properties and stiffness of the 
MTU. The subjects of our study were adolescent females, 
whereas those of Costa et al. (2009) were adult women. 
Hence, the divergent findings between our study and 
those of Costa et al. (2009) could be attributed to the 
different age of the subjects. However, Behm et al. (2011) 
reported that SS induced impairments are similar in young 
and middle-aged men. The present study is the first that 
focused on the effects of stretching on adolescent fe-
males’ balance performance. Based on the sparse number 
of studies examining adolescent or adult women, it is 
apparent that more studies are necessary in this area to 
draw useful conclusions. 

In the review paper of Kay and Blazevich (2012) it 
is argued that a SS duration shorter than 30 sec per mus-
cle group might not be detrimental to maximal strength 
performance and speed. However, maintaining balance οn 
an unstable platform (e.g. the balance task of our study) 
requires fast and accurate movements of upper and lower 
extremities (coordination). Thus, even a short-duration of 
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SS (30 sec per muscle group) with exercises for the whole 
body could possibly be harmful to coordination of upper 
and lower extremities. Therefore, more studies are needed 
to  clarify  the  acute  effects  of stretching on balance and  
coordination of extremities (arm-leg). 

Although most of the studies reported that balance 
is negatively affected by SS, it is difficult to specify the 
underlying mechanisms. One possible explanation could 
be that SS increases ROM which results in decreased 
MTU stiffness (Herda et al., 2011). Changes in the MTU 
length and stiffness could alter the ability to detect and 
respond promptly to changes of an unstable environment. 
A compliant MTU increases electromechanical delay and 
hence increases the time from the muscle excitation to the 
initiation of the movement (Cramer et al., 2005). Fur-
thermore, mechanical changes in MTU may alter the 
sensory input from muscle spindles and Golgi tendon 
organs which play an important role for postural mainte-
nance (Behm et al., 2004). For example, Guissard and 
Duchateau (2006) reported that SS decreases the reflex 
activity of the stretched muscle and reduces spinal reflex 
excitability. 

An explanation for the better balance performance 
of DS compared to SS could be that DS elevates muscle 
temperature (Fletcher and Jones, 2004) and stimulates the 
nervous system (Jaggers et al., 2008). Herda et al. (2008) 
reported that DS increased electromyographic amplitude, 
which may reflect a positive effect of DS on muscle acti-
vation. Although neuromuscular function was not meas-
ured in our study, it could be speculated that the better 
balance scores of the DS condition could be attributed to 
an enhancement of muscle activation. 

In relation to RT the results of our study revealed 
no significant differences between the treatments. Our 
hypothesis that DS would improve RT whereas SS would 
impair it was not confirmed. This result is consistent with 
the findings of Perrier et al. (2011), who reported no sig-
nificant findings between DS (2 repetitions of 30 sec), SS 
and NS in RT of countermovement jumps. Furthermore, 
Alpkaya and Koceja (2007) demonstrated that 3 sets of 15 
sec duration of SS resulted in no significant changes in 
RT. On the contrary, Behm et al. (2004) reported that SS 
(3 repetitions of 45 sec duration) has a negative effect on 
RT. These conflicting results may be attributed to the 
different stretching durations. In Behm et al. (2004), the 
total duration of SS of a single muscle group was 145 sec. 
Whereas, studies that indicated no significant impair-
ments on RT used less than 60 sec duration of SS 
(Alpkaya and Koceja, 2007; Perrier et al., 2011). Consid-
ering the few studies which have investigated the effects 
of DS and SS on RT, we should be cautious regarding the 
potential effects of the different treatments on RT. 

The present study revealed that the DS protocol 
performed significantly better on MT of upper extremities 
than the SS protocol. To the authors’ knowledge, this is 
the first study which compared the effects of DS and SS 
on MT of the upper extremities. Behm et al. (2004) com-
pared the effects of SS and NS on movement time of 
lower limb muscles and reported also stretch-induced 
impairments. Static stretch-induced impairments in MT 
may be related to similar mechanisms as the disturbance 

in balance (longer and more compliant MTU, and longer 
electromechanical delay).  

In relation to agility, the results of the study veri-
fied our hypothesis that DS significantly improves the 
performance compared to SS condition. This finding is in 
accordance with those of Van Gelder and Bartz (2011) 
and McMillian et al. (2006). On the contrary, Faigenbaum 
et al. (2006) and Chaouachi et al. (2010) reported no 
significant differences between DS and SS for agility. 
Chaouachi et al. (2010) attributed the lack of significant 
differences to the recovery interval between stretching 
and testing. Specifically, they suggested a more than 5 
min recovery period between SS and performance. Re-
cently, some investigators suggested that post-activation 
potentiation (PAP) may be a contributing factor for the 
better performance of the DS protocol (McMillian et al., 
2006). PAP can be defined as an increase in the efficiency 
of the muscle to produce force after a submaximal or 
maximal contraction (Chatzopoulos et al., 2007). The DS 
protocol of the current study incorporated similar move-
ments to the agility test performed with a submaximal 
intensity (e.g. modified shuttle run). The pre-test contrac-
tions may have elicited a PAP response contributing to 
the significant differences between DS and SS protocol. 

 
Conclusion 
 
Based on the present investigation, SS has a negative 
effect on balance, agility and movement time compared to 
DS. In case the content of the training unit or game com-
prises balance activities and rapid change of running 
direction, then DS is perhaps more appropriate than the 
SS protocol. Taking our findings into account, coaches 
and physical education teachers may reconsider the incor-
poration of SS before a game, where rapid movements of 
the upper extremities and agility are basic factors for a 
positive outcome.  
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Key points 
 
• Static stretching has a negative effect on balance and 

agility performance compared to dynamic stretch-
ing. 

• There was no effect of the stretching protocols on 
reaction time. 

• Dynamic stretching was more effective than static 
stretching for increasing movement time of the up-
per extremities. 
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